Introduction {#s1}
============

Micronutrient insufficiencies are not a thing of the past. In the twenty-first century these continue to exist with around two billion people worldwide having micronutrient inadequacies ([@B1]). This includes those living in the developed world in regions such as the United Kingdom, United States and Germany where nutrient-poor food is abundant and consumed on a regular basis, ultimately impacting on healthcare costs ([@B1], [@B2]). Micronutrients are substances such as vitamins or minerals that are required by the human body in miniscule amounts, described by the World Health Organization as "magic wands" that help the body to produce enzymes and hormones needed for growth and development ([@B3]). Healthy eating habits providing key dietary components alongside physical activity across mid-life can help to maintain health and reduce or prevent age-related chronic diseases ([@B4]).

In general dietary intake surveys and studies tend to focus on the micronutrient profiles of adults collectively. The UK National Diet and Nutrition Survey Rolling Programme (NDNS-RP) provides mean daily intakes for vitamins and minerals for adults aged 19--64 years ([@B5]). In the U.S. the National Health and Nutrition Examination Survey (NHANES) reports micronutrient intakes for those aged ≥20 years ([@B6]). Some other work has looked at dietary patterns in baby boomers (adults aged ages 46--64 years) but did not investigate the habits of younger adults ([@B7]). The Oxford Dictionary defines mid-life as the "period of age between young adulthood but before the onset of old age" typically 45--65 years but overlooks early adulthood i.e., those in their twenties and thirties ([@B8]). So, methodologically there appears to be inconsistencies in terms and the age ranges used to define what constitutes this life stage with younger adults tending to be overlooked.

This is concerning given the significance of the middle-years of life. Micronutrient intakes in early adulthood are particularly important as these are typically the years of conception and childbearing ([@B9]). An adequate micronutrient profile is not only important for fertility but also to prepare the body for the extensive physiological demands should pregnancy occur ([@B9]). Nutritional intakes in mid-life can help to future-proof health against debilitating and chronic diseases that can occur in later life ([@B4]). For example, research suggests that physiologic aspects of age-related cognitive decline can begin as young as 18 years with healthy educated adults in their twenties and thirties also showing signs of deterioration ([@B10]). Yet current nutritional science appears to overlook the role of micronutrients in mid-life. There is clearly a lack of research documenting how habitual micronutrient profiles change across the decades of mid-life.

The present article undertakes a secondary analysis of the UK NDNS-RP breaking down and evaluating daily micronutrient profiles of UK women and men across their twenties, thirties, forties, and fifties. This novel approach will add to the evidence-base providing new insights on micronutrient profiles across mid-life.

Methods {#s2}
=======

This is a secondary analysis of the UK NDNS-RP using data from years 1 to 4 (2008/9 to 2011/12) and 5 to 6 (2012/13 to 2013/14). The UK survey collects data throughout the year across the UK (England, Northern Ireland, Wales and Scotland). In this survey selected participants were asked to keep an A5 diary record of everything that they ate and drank in and outside the home over 4 consecutive days with the start date being randomly allocated so weekends were included. Diaries provided photographs of 15 frequently consumed foods as small, medium and large portion sizes. Recorded food intakes were entered into a dietary assessment system known as DINO (Diet In Nutrients Out). The food composition data used was Public Health England\'s NDNS Nutrient Databank which was incorporated into the DINO system. The Food Standards Agency Food Portion Sizes book provided weights for unprocessed foods whilst weights for manufactured products were extracted from retailer websites. Using this data average micronutrient intakes were estimated from the data that was collected. Additional methodological details can be found in section 7 of the full report ([@B11]) and Appendix A of the supplementary NDNS information ([@B12]).

Dietary intakes of vitamins and minerals were investigated across mid-life. Age ranges were divided into: 20--29, 30--39, 40--49, and 50--59 years. Mean intakes were calculated from diary information related to micronutrients from food sources only (intake from supplements was excluded). Mean intakes were calculated where reference nutrient intake (RNI) and Lower Reference Nutrient Intake (LRNI) data was not available (for vitamin D and E). The RNI is the amount of a nutrient that is enough to ensure that the needs of nearly all the group (97.5%) are being met. By definition, many within the group will need less ([@B13]). Particular focus was also given to the percentage of individuals with micronutrient intakes below the LRNI, as this is the level below which deficiencies are most likely to occur ([@B13]). Comparisons across gender and mid-life age groups were made.

Statistical analyses
--------------------

Statistical analysis was performed using R studio v 3.4. Data from years 1 to 6 was combined. New weights were computed to account for higher samples size in years 1--4. Data was filtered to include the subpopulation of interest (adults 20--60 years old). Outcomes were categorized as being binomial or continuous. Binomial data was displayed as proportions and standard errors. Continuous data was presented as means and standard errors (SE). Confidence intervals (95% CI) were also calculated.

Pearson\'s Chi square (Rao and Scott adjustment) was used to assess associations between gender and mean daily intake below the LRNI and percentage of RNI achieved. For continuous data (vitamin D and E intakes) *t*-tests were used. Geometric means were applied as results showed that variables were not normally distributed. Log transformation was performed to reduce bias due to the skewed nature of the data. For all statistical analyses, a p value less than 0.05 was used to denote statistical significance.

Generalized linear regression was used to assess associations between age and micronutrient intakes. Individuals in their twenties were used as the reference category. All these tests were performed using the survey package in R studio account for the sampling design of the NDNS-RP survey.

Results {#s3}
=======

Participants
------------

The NDNS-RP data for years 1 through to 4 contains diary records and mean daily intakes for *n* = 6,828 individuals. The survey for years 5 and 6 provides records for *n* = 2,546 individuals. After combining data sets and filtering the data to include the subpopulation of interest (adults in mid-life aged 20--59 years) the final data set contained records for *n* = 3,238 individuals (*n* = 2,377 in years 1 to 4 and *n* = 861 in years 5 and 6). As shown in Table [1](#T1){ref-type="table"}, after adjustments (using weight) each of the four age groups were approximately equal. The number of individuals who used supplements during the 4-day diary use was *n* = 708 (22%). Supplement data was excluded and food data only analyzed from all 3,238 participants.

###### 

Percentage of participants in each age group.

  **Age groups**   **% per age group (SE)**   **% of age group per sub-population**   
  ---------------- -------------------------- --------------------------------------- ------
  20--29 years     50.6 (2.6)                 49.4 (2.6)                              25.8
  30--39 years     49.8 (2.12)                50.2 (2.12)                             24.3
  40--49 years     49.4 (2.03)                50.6 (2.03)                             27.1
  50--59 years     49.4 (2.38)                50.6 (2.38)                             22.8
  Overall          49.8 (1.19)                50.2 (1.19)                             100

Findings by gender
------------------

Females in their mid-life years were more likely to have micronutrient shortfalls than males. Amongst males some shortfalls were evident. Vitamin A intakes expressed as a percentage of the RNI were statistically significantly lower amongst males aged 20--59 years compared with females in this age category (*p* = 0.002). Zinc intakes were also significantly lower in UK males compared to women (96.1% RNI vs. 101% RNI) (*p* \< 0.001). Average intakes of five micronutrients---magnesium, potassium, zinc, selenium, and copper expressed as a percentage of the RNI also fell below dietary targets for males aged 20--59 years (Figure [1](#F1){ref-type="fig"}; Table [2](#T2){ref-type="table"}).

![Percentage RNI for UK males across mid-life.](fnut-05-00055-g0001){#F1}

###### 

Percentage RNI for vitamin and mineral intakes by gender and age.

                                         **Gender % RNI**   **Age group % RNI**   **RNI**[^\*\*^](#TN2){ref-type="table-fn"}                                                                                                                                       
  -------------------------------------- ------------------ --------------------- -------------------------------------------- ------ -------------------------------------- -------------------------------------- -------------------------------------- ------- -------
  **VITAMINS**                                                                                                                                                                                                                                                     
  Vitamin A (μg) (retinol equivalents)   99.5               115                   0.002[^\*^](#TN1){ref-type="table-fn"}       91.9   107[^†^](#TN3){ref-type="table-fn"}    108[^†^](#TN3){ref-type="table-fn"}    126[^†^](#TN3){ref-type="table-fn"}    700     600
  Vitamin C (mg)                         161                158                   0.22                                         148    159                                    155                                    181[^†^](#TN3){ref-type="table-fn"}    40      40
  Thiamine mg (B1)                       155                150                   0.05                                         145    155[^†^](#TN3){ref-type="table-fn"}    150                                    162[^†^](#TN3){ref-type="table-fn"}    1.0     0.8
  Riboflavin mg (B2)                     125                116                   \<0.001[^\*^](#TN1){ref-type="table-fn"}     112    120[^†^](#TN3){ref-type="table-fn"}    122[^†^](#TN3){ref-type="table-fn"}    128[^†^](#TN3){ref-type="table-fn"}    1.3     1.1
  Niacin equivalent (B3)                 239                229                   0.02[^\*^](#TN1){ref-type="table-fn"}        231    235                                    228[^†^](#TN3){ref-type="table-fn"}    245                                    16.5    13.2
  Vitamin B6 (mg)                        163                138                   \<0.001[^\*^](#TN1){ref-type="table-fn"}     148    152                                    150                                    152                                    1.4     1.2
  Vitamin B12 (μg)                       327                255                   \<0.001[^\*^](#TN1){ref-type="table-fn"}     265    290[^†^](#TN3){ref-type="table-fn"}    155[^†^](#TN3){ref-type="table-fn"}    181[^†^](#TN3){ref-type="table-fn"}    1.5     1.5
  Folate (μg)                            130                104                   \<0.001[^\*^](#TN1){ref-type="table-fn"}     108    115[^†^](#TN3){ref-type="table-fn"}    117[^†^](#TN3){ref-type="table-fn"}    125[^†^](#TN3){ref-type="table-fn"}    200     200
  **MINERALS**                                                                                                                                                                                                                                                     
  Calcium (mg)                           119                97.1                  \<0.001[^\*^](#TN1){ref-type="table-fn"}     103    108                                    107                                    104[^†^](#TN3){ref-type="table-fn"}    700     700
  Iron (mg)                              127                67.8                  \<0.001[^\*^](#TN1){ref-type="table-fn"}     84.0   90.6[^†^](#TN3){ref-type="table-fn"}   87.8                                   113[^†^](#TN3){ref-type="table-fn"}    8.7     14.8
  Magnesium (mg)                         90.8               80.2                  \<0.001[^\*^](#TN1){ref-type="table-fn"}     79.2   85.1[^†^](#TN3){ref-type="table-fn"}   86.4[^†^](#TN3){ref-type="table-fn"}   91.7[^†^](#TN3){ref-type="table-fn"}   300     270
  Potassium (mg)                         93.5               68.6                  \<0.001[^\*^](#TN1){ref-type="table-fn"}     69.9   74.6                                   76.9                                   82.5[^†^](#TN3){ref-type="table-fn"}   3,500   3,500
  Zinc (mg)                              96.1               101                   \<0.001[^\*^](#TN1){ref-type="table-fn"}     94.6   101[^†^](#TN3){ref-type="table-fn"}    97.4                                   103[^†^](#TN3){ref-type="table-fn"}    9.5     7.0
  Selenium (μg)                          66.6               66.0                  0.933                                        65.6   67.3                                   64.4                                   68.2                                   75      60
  Iodine (μg)                            115                88.7                  \<0.001[^\*^](#TN1){ref-type="table-fn"}     88.5   99.2[^†^](#TN3){ref-type="table-fn"}   106[^†^](#TN3){ref-type="table-fn"}    114[^†^](#TN3){ref-type="table-fn"}    140     140
  Copper (mg)                            96.9               80.0                  \<0.001[^\*^](#TN1){ref-type="table-fn"}     82.8   88.9[^†^](#TN3){ref-type="table-fn"}   87.5[^†^](#TN3){ref-type="table-fn"}   93.9[^†^](#TN3){ref-type="table-fn"}   --      --

*p \< 0.05*.

*PHE ([@B14]) and DH ([@B13])*.

*Statistically significant differences compared with adults in their 20 s*.

*Data presented as geometric means*.

For UK females, riboflavin, vitamin B6, B12 and folic acid intakes were statistically significantly lower amongst UK females aged 20--59 years compared with males of this age (*p* \< 0.001) (Table [2](#T2){ref-type="table"}). For the minerals, calcium, iron, magnesium, potassium, and iodine intakes expressed as a percentage of the RNI were significantly lower amongst women aged 20--59 years compared with males of this age (*p* \< 0.001). Average intakes of seven micronutrients---calcium, iron, magnesium, potassium, selenium, iodine, and copper intakes as a percentage of the RNI fell below dietary benchmarks (Figure [2](#F2){ref-type="fig"}; Table [2](#T2){ref-type="table"}).

![Percentage RNI for UK females across mid-life.](fnut-05-00055-g0002){#F2}

A substantial proportion of UK females and males aged 20--59 years (50.3 and 25.8%, respectively) had selenium intakes below the LRNI. A quarter (25.3%) of women had iron intakes below the LRNI and over one in 10 adults (15% males and 12% females) had magnesium intakes below the LRNI. A quarter (24.3%) of women and 10% of males had potassium intakes below the LRNI. Magnesium shortfalls were significantly higher (*p* \< 0.05) amongst younger adults in their twenties compared with older adults with around 1 in 5 (19%) having magnesium intakes below the LRNI (Table [3](#T3){ref-type="table"}). More specifically, amongst females one in 10 had riboflavin, magnesium and iodine (12.6, 11.5, and 11.3%, respectively) below the LRNI.

###### 

Percentage of adults below the LRNI for vitamin and mineral intakes by gender and age.

                                         **Gender % below LRNI**   **Age group % below LRNI**   **LRNI**[^\*\*^](#TN5){ref-type="table-fn"}                                                                                                                                                                                 
  -------------------------------------- ------------------------- ---------------------------- --------------------------------------------- ------ -------------------------------------- -------------------------------------- -------------------------------------- ----------------------------------------- ------- -------
  Vitamin A (μg) (retinol equivalents)   11.3                      6.75                         \<0.001[^\*^](#TN4){ref-type="table-fn"}      13.3   7.06[^†^](#TN6){ref-type="table-fn"}   9.41                                   5.62[^†^](#TN6){ref-type="table-fn"}   \<0.05[^\*^](#TN4){ref-type="table-fn"}   300     250
  Vitamin C (mg)                         0.98                      1.33                         --                                            0.65   1.87                                   1.12                                   1.01                                   --                                        10      10
  Riboflavin mg (B2)                     3.87                      12.6                         \<0.001[^\*^](#TN4){ref-type="table-fn"}      10.1   8.72                                   7.24                                   6.82                                   \>0.05                                    0.8     0.8
  Vitamin B12 (μg)                       1.15                      2.14                         --                                            2.69   1.27                                   1.06                                   1.58                                   --                                        1.0     1.0
  Folate (μg)                            1.77                      4.36                         0.0013[^\*^](#TN4){ref-type="table-fn"}       3.25   3.79                                   3.06                                   2.10                                   \>0.05                                    100     100
  **MINERALS**                                                                                                                                                                                                                                                                                                              
  Calcium (mg)                           4.90                      8.80                         0.0002                                        9.36   5.95                                   6.76                                   5.15[^†^](#TN6){ref-type="table-fn"}   \<0.05                                    400     400
  Iron (mg)                              1.10                      25.3                         \<0.001                                       16.6   14.1                                   17.3                                   5.06[^†^](#TN6){ref-type="table-fn"}   \<0.05                                    8.0     4.7
  Magnesium (mg)                         14.2                      11.5                         0.097                                         18.5   10.9[^†^](#TN6){ref-type="table-fn"}   12.3[^†^](#TN6){ref-type="table-fn"}   9.7[^†^](#TN6){ref-type="table-fn"}    \<0.05                                    190     150
  Potassium (mg)                         10.0                      24.3                         \<0.001                                       24.7   15.6[^†^](#TN6){ref-type="table-fn"}   17.8[^†^](#TN6){ref-type="table-fn"}   9.79[^†^](#TN6){ref-type="table-fn"}   \<0.05                                    2,000   2,000
  Zinc (mg)                              8.20                      5.20                         \<0.001                                       8.58   5.98                                   6.33                                   5.85                                   \>0.05                                    5.5     4.0
  Selenium (μg)                          25.8                      50.3                         \<0.001                                       39.0   36.5                                   41.0                                   35.0                                   \>0.05                                    40      40
  Iodine (μg)                            5.70                      11.3                         \<0.001                                       14.7   7.37                                   6.16[^†^](#TN6){ref-type="table-fn"}   5.59[^†^](#TN6){ref-type="table-fn"}   \<0.05                                    70      70

p \< 0.05

*PHE ([@B14]) and DH ([@B13])*.

*Statistically significant differences compared (with/to) adults in their 20 s*.

--*Data sample size too small to determine significance*.

As shown in Table [2](#T2){ref-type="table"} men aged 20--59 years were significantly more likely to have vitamin A intakes below the LRNI compared with women (11.0 vs. 6.7%, respectively, *p* \< 0.001). A significantly higher proportion of females, however, had folic acid intakes below the LRNI (4.36 vs. 1.8%, respectively, *p* = 0.0013). Mean daily intakes of vitamin D were significantly higher amongst UK males compared to females (2.4 vs. 1.9 μg; *p* \< 0.001). Mean daily vitamin E intakes were also significantly higher amongst UK males aged 20--59 years (9.3 mg) compared to intakes of 7.8 mg in UK females of a similar age (*p* \< 0.001).

Findings by age
---------------

Adults in their twenties had significantly lower vitamin A, riboflavin and folic acid intakes (*p* \< 0.05), expressed as a percentage of the RNI when compared to adults in their thirties, forties and fifties. Intriguingly, vitamin B12 intakes (also as a percentage of the RNI) were statistically significantly lower amongst adults in their forties and fifties compared to those in their twenties (*p* \< 0.05; Table [2](#T2){ref-type="table"}). For the minerals, young adults aged 20--29 years had significantly lower calcium, magnesium, potassium, iodine, and copper intakes (expressed as a percentage of the RNI) compared with adults in their thirties, forties and fifties (*p* \< 0.05; Table [2](#T2){ref-type="table"}). For iron, adults in their twenties had significantly lower intakes compared to those in their thirties and fifties but no differences were observed when compared against adults in their forties.

Amongst males just under one-third (29%) aged 20--29 years had selenium intakes below the LRNI (Figure [3](#F3){ref-type="fig"}). One in five (21.9%) males in this age category had magnesium intakes below the LRNI and 17% had vitamin A intakes below the lower reference nutrient standard. Statistical analysis showed that a significantly higher proportion of males in their twenties had vitamin A intakes below the LRNI compared to those in their thirties and fifties (*p* \< 0.05). Magnesium and potassium intakes were also more likely to fall below the RNI amongst males in their twenties (*p* \< 0.05). Fifteen percent of men in their twenties had iodine intakes below the LRNI; significantly more than those in their forties and fifties.

![Percentage of males with vitamin and mineral intakes below the LRNI across mid-life.](fnut-05-00055-g0003){#F3}

Amongst females fifty per cent of females aged 20--59 years had selenium intakes below the LRNI and a quarter (25.3%) in this age group had inadequate iron intakes. Amongst females aged 20--29 years 34% had potassium and 17% had iodine intakes below the LRNI (Figure [4](#F4){ref-type="fig"}). A significantly higher proportion of females aged 20--29 years had magnesium, potassium and iodine intakes below the LRNI (*p* \< 0.05) compared to those in their thirties, forties and fifties. Significantly more (9.4%) women aged 20--29 years had calcium intakes below the LRNI compared to 5.2% of women in their fifties (*p* \< 0.05). More women in their twenties (16.6%) also had iron intakes below the LRNI compared with those in their fifties (5.5%; *p* \< 0.05). With regard to vitamin D, mean intakes (1.9 μg daily) were significantly lower amongst UK adults in their twenties compared to those in their forties and fifties (mean daily intake; 2.4 μg) (*p* \< 0.05).

![Percentage of females with vitamin and mineral intakes below the LRNI across mid-life.](fnut-05-00055-g0004){#F4}

Discussion {#s4}
==========

Taken together, this secondary analysis highlights a number of important findings. The article sought to evaluate micronutrient intakes across mid-life and according to gender and a number of distinct differences are apparent. Firstly, there appears to be clear differences in the micronutrient profiles of UK males and females aged 20--59 years. Sizeable gaps were found for magnesium intakes compared with intake targets, particularly amongst young adults in their twenties. Research to date suggests that magnesium deficiencies could be a significant contributor to low-grade inflammation which typically underpins conditions such as diabetes, cardiovascular disease and hypertension ([@B15]). At a cellular level magnesium is thought to have a valuable role in the regulation of telomere function, integrity, and structure with telomere dysregulation being linked to aging and age-related disease such as cancer ([@B16]).

Amongst UK males, vitamin A and zinc shortfalls were apparent. The clinical importance of vitamin A is becoming increasingly clear with evidence of its role emerging in immune competence, tissue differentiation and the visual cycle ([@B17]). The trend toward males having lower vitamin A intakes may have been driven by several different factors. Data from Years 5 and 6 of the UK NDNS shows that men\'s mean intakes of fruit and vegetables were slightly lower at 3.9 portions daily compared with 4.1 portions daily amongst women aged 19--64 years ([@B5]). It has also been found that fruit and vegetable variety tends to be lower in men, especially in instances where education and social class is lower ([@B18]). Turning to zinc, this micronutrient is a known antioxidant with research showing that fertile males tend to have higher seminal zinc levels than their infertile counterparts ([@B19]). Zinc also has important catalytic, structural, and regulatory roles helping to support immunity and avert age-related diseases ([@B20]). Zinc shortfalls are somewhat surprising to see, especially amongst males given that meat and meat products are one of the main providers of zinc ([@B21]). It is possible that younger men in their twenties are eating less meat which could have contributed to lower zinc intakes in this age group. This is an important finding and worthy of consideration in the context of public health given current trends toward plant-based diets ([@B22]).

Amid women, a number of micronutrient shortfalls were also evident. There are a number of possible underpinning reasons behind these findings. A recent survey of 1,035 social media tweets typically used by young adults found that 67.2% related to body image, eating disorders, fitness, food or dieting ([@B23]). This, in turn, could have wider ramifications impacting on dietary habits and micronutrient profiles of young women. Emerging food trends and the avoidance of food groups could be impacting on micronutrient intakes ([@B24]). For example, the consumption of eggs, milk, and dairy correlates strongly against female nutritional iodine status ([@B25]). Veganism has also been found to impact on vitamin D, calcium, and vitamin B12, iodine and selenium intakes ([@B26], [@B27]). UK females having diets lower in red meat (\<40 g daily) have reduced micronutrient intakes, especially zinc and vitamin D ([@B28]). Alongside this, factors such as the level of perceived control over life may be important predictors of dietary quality, especially amongst women of lower educational attainment ([@B29]). Meal frequency has also been positively associated with diet quality and micronutrient intakes ([@B30]), indicating that skipping meals or snacking rather than eating main meals may also impact on micronutrient intakes.

In relation to age, findings showed that younger adults appeared most susceptible to micronutrient shortfalls. Similar findings have been observed in other publications. For example, an earlier report concluded that this could be attributed to people in their fifties having more time to cook and prepare food from scratch ([@B31]). Forty per cent of adults in their twenties had selenium intakes below the LRNI, a third of young women aged 20--29 years (33%) had iron intakes below the LRNI and a quarter (24.7%) had potassium intakes below lower recommended nutrient thresholds. Overall, more than 1 in 10 young adults (aged 20--29 years) had four micronutrients below the LRNI (vitamin A, iron, magnesium, and iron). These findings are concerning. For example, selenium is an essential micronutrient associated with human health outcomes such as cancers, cardiovascular, and autoimmune disease ([@B32], [@B33]). Amongst UK women low whole-blood selenium levels have recently been linked to increased pre-eclampsia and pregnancy-induced hypertension risk ([@B34]) whilst iron deficiency has been associated with higher rates of depression in pregnancy ([@B35]). Regarding potassium low fruit and vegetable intakes may be one factor contributing to declining intake. Potatoes alongside white vegetables are important dietary contributors of potassium although the additional use of salt should be discouraged ([@B36]).

Clearly, improving diet quality through mid-life may help to protect health, prevent chronic disease, and disability and enhance economic productivity ([@B1]). In other regions, scientists have looked into muli-vitamins and minerals as a means of improving micronutrient profiles. For example, research conducted with young Australian adults (18--40 years) found that multi-vitamin and mineral supplementation significantly improved blood B-vitamin levels whilst lowering homocysteine levels (*p* \< 0.01) and after 4 weeks notable improvements in mood (*p* = 0.018) were observed ([@B37]). In the United States NHANES analysis showed that in large populations where micronutrient sufficiency is not being achieved from food sources multivitamin/mineral supplements can serve as a practical means to improve micronutrient status (51% adults took multivitamin/mineral supplements containing ≥9 micronutrients) without increasing intakes beyond upper limits ([@B38]). Selenium supplementation in some geographical areas with soil selenium deficiency is also now recommended as part of public health policy ([@B39]).

Limitations and future directions {#s5}
=================================

Whilst the present publication identified micronutrient profiles of UK adults across mid-life, similar data to compare findings against is lacking. This emphasizes the need for harmonized definitions and data collection methods both across European nations and further afield in order to delve and better understand nutritional needs across mid-life in the twenty-first century. Given growing market trends there is also a need to better consider and analyze the impact of changing food trends on micronutrient profiles ([@B40]). As with most dietary assessment tools it should be recognized that factors such as under-reporting can occur, especially amongst individuals with a higher body weight (BMI \> 25 kg/m^2^) ([@B41]).

Subsequently, future research should also investigate micronutrient status using blood biomarkers. The UK NDNS only collects blood from a sub-sample of the population and when divided over the mid-life decades would not generate enough statistical power to warrant analysis in the present publication. There is certainly potential to "focus in" on particularly vulnerable sub-samples such as young adults and females during early adulthood and assess micronutrient blood biomarkers in these population groups. For example, one Australia study, comprised of 308 females aged 18--35 years, found that iron deficiency anemia, unspecified anemia, hypoferritinemia, and low vitamin B12 concentrations (\<120 pmol/L) was present in 3, 7, 33.9, and 11.3% of participants, respectively ([@B24]). In the same study serum copper and selenium concentrations were below reference ranges in 23 and 11% of females, correspondingly ([@B24]).

The current research found that females and young adults are at particular risk of micronutrient shortfalls. In an obesogenic environment, where the public are being encouraged to reduce their energy intakes, it is important to ensure that the micronutrient profile of diets is sustained ([@B42]). The same concept applies to specific food groups, for instance, in cases where red meat reduction is being advocated ([@B28]). It has been predicted that over the next few years micronutrients of concern are likely to remain similar although ongoing dietary trends could further impact on iron and calcium intakes ([@B42]). As concluded by the World Health Organization, as tiny as the amounts are, the consequences of micronutrient shortfalls can be severe with vitamin A, iron and iodine being of particular significant importance in terms of global public health ([@B43]). It is imperative to continue raising awareness about the important of healthy and balanced diets providing an adequate micronutrient density. The implications of "cutting back or out" certain food groups also needs to be communicated, especially to younger generations who are now being strongly influenced by social media that is not subject to peer review or monitoring systems. Alongside this, the role of multivitamin and mineral supplements and value of daily compliance also warrants practical consideration. For example, in the UK there is a Government health message to supplement with 10 μg vitamin D between Autumn and Spring to protect bone and muscle health ([@B44]).

Finally, in terms of extended roles, the impact of micronutrients in relation to gut microbiota is now beginning to emerge. For example, researchers have found that acute vitamin A deficiency can impact on bacterial community structure with *Bacteroides vulgatus* increasing in abundance in the absence of vitamin A ([@B45]). Clearly, further research is needed on individuals with suboptimal rather than acute nutritional shortfalls to see if such inter-associations still exist and in relation to the potential role(s) of other micronutrients. Other recent work has found that nutrients such as iron, zinc, and magnesium are positively associated with sleep duration with potential mechanisms appearing to involve the effects that micronutrients have on neurotransmitters and the expression of circadian genes ([@B46]). Ongoing work is undoubtedly needed to monitor the ramifications of ongoing food trends, food fortification, and updated public policies.

Conclusions {#s6}
===========

The present review has identified that micronutrient shortfalls are evident across mid-life in UK adults. These shortfalls are more prominent amongst females and young adults in their twenties. This is of particular concern given that early adulthood is a time to be in the "nutritional prime" of life preparing for parenthood. Mid-life is also a time to lay the foundations of good health in preparation for later life. Given that current gaps exist between micronutrient intakes and requirements the importance of a healthy and balanced diet needs further reiteration. This particularly applies in relation to the elimination or substitution of key food groups. Alongside this, the value of multivitamin and mineral supplements and food fortification strategies should not be overlooked in the context of today\'s modern lifestyles.
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